Even today, the difficult septum presents a surgical problem. A severe septum deformity is caused mostly by an accident or is seen in patients with malformations such as cleft lip and palate deformity. It is characterized by a massive malformation in all levels with consecutive blocking of one or both airways. Such marked septal deformities cannot be corrected properly by standard septoplasty techniques. Therefore, in such cases we suggest an extracorporeal septoplasty, where we take out the whole septum and reconstruct a new septal plate by different techniques followed by replantation and reconstruction of the cartilaginous dorsum. From January 1, 1981 to December 31, 2005, we operated on 2301 patients and improved this method constantly, especially the safe septal fixation and rebuilding of the cartilaginous dorsum. Follow-ups showed that even in severe deformities a revision rate of only 5% respectively 7% was found. Therefore, we conclude that the extracorporeal septoplasty with its refinements and the way we are doing it today can also be recommended to less experienced rhinosurgeons.
The septum influences not only the function but also the shape of the nose, which is often neglected even today. So the deviated septum may be the base for many deviated noses, and if the septum is not corrected properly the deviated axis will stay. Marked septal deformation often cannot be corrected properly by classical techniques. Therefore, in the 1950s King and Ashley 1 as well as Perret 2 suggested taking out the whole septum in such cases and replanting the straight parts. In the early 1980s we started to use this technique consequently in all badly deformed septums, and we have developed this procedure in the past 25 years in more than 2000 cases. [3] [4] [5] [6] [7] PROBLEM Markedly deviated septums are often combined with a deviation of the external nose and may be caused by different reasons. In patients with a unilateral cleft lip and palate deformity, the nose is always affected and presents a deviation of the septum in all three levels. In noses that underwent bad trauma, often the cartilage is not broken, but injury to the cartilage results in a bended deviation over time. 8 If the cartilage is fractured and healed in dislocation, there are often sharp angled deformities, which are difficult to correct by the classical techniques. We refer to a difficult septum if there has been a preoperation and big parts of the septum have been resected, but the remaining framework is still bent and causes a deviated external nose. In all these cases, we feel that a permanent straight septum can achieved only by an extracorporeal septal reconstruction, and therefore this technique is prerequisite for a permanent straight axis of the external nose.
METHODS
In all cases, general anesthesia was provided. The patient was positioned, prepared, and draped in a standard fashion. External noses as well as internal nasal septum underwent local anesthesia with 0.2 ropivacaine hydrochloride and epinephrine (Naropin) in a 1:100,000 ratio, followed by topical cocaine hydrochloride-saturated cotton pledgets. Until November 1996 the closed approach was used exclusively; after that time, we introduced the open approach and all extracorporeal septal reconstructions were done with this access.
In the closed approach, we extended a rightsided hemitransfixion incision into an intercartilaginous incision to gain enough space for proper dissection and handling. During an open approach, a standard midcolumellar incision (stair step or inverted V) with marginal incisions followed by dissection of the membranous septum was used to expose the anterior edge of the cartilaginous septum. Subperichondral dissection was started on the concave side of the nasal septum to minimize the risk of tearing the mucosa. This step was followed by bilateral extramucosal dissection of the junction of the border between the dorsal septum and upper lateral cartilages to preserve an intact mucosal wall. If dorsal hump reduction was planned, it was undertaken at this point in the operation to enable dissection of the mucosa from a cranial approach, especially from the convex side. This approach seems easier and safer when dealing with such severe septal deformities. If dorsal hump reduction was not planned, the upper lateral cartilages were incised bilaterally at their junction with the septum after extramucosal dissection. With these maneuvers, the nasal septum became more flexible and made mucosal dissection easier and more precise. The premaxilla was removed and lower tunnels were dissected according to the technique described by Cottle et al. 9 If hump reduction was undertaken, the bony septum was vertically fractured as far as possible posteriorly by pressure with a 5-mm chisel. If dorsal hump reduction was not performed, a paramedian osteotomy was necessary to remove the bony septum from the dorsum. In the past 2 years, these osteotomies were done with a motor drill because this is more accurate and at the same time we are able to remove the bony triangle at the most cranial point of the junction of the nasal bones. Afterwards, the complete cartilaginous and bony septum was removed in one piece.
There are several technical options to create a straight septal plate. The ideal reconstructed plate would be as large as possible with stable upper and anterior borders. Redundant and dislocated cartilage can be excised and straight pieces sutured together to provide a stable reconstructed nasal septum (Fig. 1) . Bent deformities can be straightened by unilaterally reducing tension on the cartilage (Fig. 2) . Partial thickness releasing incisions (scoring) on the concave side of the cartilage made with a knife may straighten the bent cartilage. Alternatively, the cartilage and bone can be smoothed with a sharp drill, which has the same effect on the cartilage. If the cartilage became straight but soft and unstable with this procedure, smoothly filed pieces of the perpendicular plate could be sutured onto the cartilaginous septum (Fig. 3) or a cartilaginous spreader graft could be sewn to the upper border of the septum to stabilize it and reinforce the internal nasal valve (Fig. 4) . In post-traumatic cases with multiple fracture sites and cartilaginous fragments healed in dislocation, we dissected preserved pieces of straight cartilage and created a neoseptum of these parts by suturing or gluing them together. Occasionally, a polydioxanone (PDS) foil was used to provide a template for suturing and stabilizing cartilaginous pieces (Fig. 6) . In postoperative and saddle deformity cases with little residual cartilaginous septum, the bony septal fragments could be used to construct a stable septal frame with straight upper and caudal borders (Fig. 7) . In such cases, the bony areas were smoothed and contoured appropriately and then multiple holes were drilled. The holes are necessary for secure fixation by sutures as well as postoperative stabilization by ingrowing tissue. The thickened bone and cartilage at their junction are smoothed by a sharp fraise to get a straight septum plate. The straightened new septum was then replanted between the subperichondrial and subperiosteal layers. The stable fixation of this replant is essential for permanent success-aesthetically as well as functionally. The new upper septum border was fixed to the upper lateral cartilages, first by needles and then permanently by multiple horizontal U-shaped sutures. The horizontal pattern is useful to prevent the sutures from cutting if final smoothing of the dorsum is necessary. Next, after positioning the anterior nasal spine in the midline, a notch and hole was drilled; then the septal border was adjusted and a double suture was placed through the drill hole and the lower septum border to anchor it firmly to the nasal spine. To avoid postoperative irregularities of the nasal dorsum, homologous fascia onlay grafts have been placed onto the dorsum. Then the flap was repositioned and sutured with 6-0 nylon; a horizontal mattress suture from caudal to cranial and back helps to approximate the nasal mucosa, prevent dead space formation, and give additional stabilization to the replanted septum. Then splinting silicone foils were sewn and antibioticsoaked (neomycin sulfate and bacitracin [Nebacetin] and xylometazoline hydrochloride [Otrivin]) foam tamponades were inserted. , 1987 , the author performed extracorporeal septoplasty in 459 patients. One-to 6-year follow-up examination of 404 patients showed that 96% considered their nasal breathing to be good or excellent. In 92% the septum was central and straight. However, the positioning of the dorsum of the nose was a problem with this technique. Nearly 8% of patients complained of irregularities of the dorsum, making a further correction desirable. Early complications occurred in six patients (1.5%): one patient had an abscess under the dorsum of the nose; one, perforation of the septum; one, the initially nonresorbable holding sutures showing through the skin; one, postoperative saddle nose; and two, nasal hemorrhage. As late complications we found a synechia in three patients and one patient complained of a permanent sensation of stiffness in the upper lip area. 4 From January 1, 1996 through December 31, 1996, three different surgeons with different levels of experience performed extracorporeal septoplasty in 108 patients. Results of the postoperative clinical examination revealed improved breathing in all but two patients. Fourteen postoperative complications (13%) occurred, with 12 patients (11%) complaining about dorsal irregularities and 2 (2%) noting recurrent septal deviation. Eight patients (7%) elected to have revision septoplasty 5 ( Table 1) .
RESULTS

The extracorporeal
septoplasty technique was used in 2301 patients from January 1, 1981 through December 31, 2004 to correct severe deformities of the nasal septum. From January 1, 1981, to July 31
DISCUSSION
A straight septum is a prerequisite for a permanently straight nasal axis and physiological nasal breathing. In cases of severely deformed septums, standard septoplasty techniques often fail to create a straight septum. Rohrich and Adams 10 reported that the incidence of postreduction deformity requiring subsequent septorhinoplasty ranges up to 50%. King and Ashley 1 as early as 1952 and Perret 2 in 1958 suggested that in such cases the removal of the whole septum may be necessary to create a straight nasal septum. The extracorporeal nasal septal reconstruction constitutes radical mobilization of the whole nasal skeleton and should therefore be used only in very severely complex nasal deformities.
New procedures for septoplasty have been published, but they are not suitable for extremely deformities. [11] [12] [13] Despite the good results found on our first follow-up (only a 5% correction rate), we improved the technically complex operation continuously so that it can now also be recommended to less experienced surgeons. The refinements were intended to simplify the technique and to make it safer. A clear operative field was obtained by using topical cocaine and careful injection of ropivacaine hydrochloride and epinephrine (1:100,000). Ropivacaine is the only local anesthetic with vasoconstrictive properties and effects last longer than those of epinephrine.
14 Since November 1996, we used an open approach instead of the closed one in such complex operations. This helped a great deal to simplify the dissection of the badly deformed septum, take out the septum in one piece, and especially to fix it securely after replantation. Before hanging up the septum to the upper lateral cartilages, fixation of spreader grafts is now used, which is performed in an open approach much more precisely than in a closed one.
In creating a straight septum, the use of a motorpowered sharp fraise is very helpful. With this instrument, thickened areas of cartilage as well as of bone can be smoothed properly and areas of deviated cartilage unilaterally treated straighten automatically as a result of the changed tensions. The sharp fraise also helps to construct very thin septal plates specifically from the perpendicular plate, using them as an onlay graft to the weakened cartilage, which increases stability (cartilagebone sandwich transplant). The spreader grafts also help to guarantee the shape of the straightened septum and to prevent collapse of the nasal valves. Instead of using the bone, Bönisch and Mink 15 suggested the use of PDS foil for stabilizing transplants during the healing phase. We used these in 12 cases without any complications (Fig. 5) . According to the research of Fuchshuber, 16 we used the PDS foil only in cases of intact septal mucosal covering because cartilage transplants may become lost if the PDS foil is not covered properly by mucosa. Instead of PDS foil, Lipski 17 used homologous fascia transplants from the upper thigh.
The secure fixation of the neoseptum is essential. In the beginning we sutured the septum only to the fibrous tissue in the area of the nasal spine. There has been a failure rate of 6.4%. With fixation of the septum to the spine itself after drilling a hole, the slippage rate decreased to 3.6%. Today, using the open approach, the precise fixation to the upper lateral cartilages is standard procedure and dorsal saddling came down to 0%. Numanoglu 18 suggested that a transcutaneous suture might be helpful in a closed approach, but from our point of view this is not as precise as a direct suture to the upper lateral cartilages in an open procedure. Transseptal mattress sutures add additional stability. In the beginning we used nonresorbable sutures that had to be removed after 14 days. Today we use PDS suture, which guarantees significantly longer stabilization and does not have to be removed. To solve the problem of postoperative irregularities, which have been observed in both follow-ups, we cover the whole dorsum, either with a cartilaginous onlay graft as suggested by McKinney 19 or by using a homologous fascial onlay graft (Tutoplast). We prefer fascia from the upper thigh, which has a nice parallel structure of the collagen fibers and seems ideal for camouflaging the dorsal framework. With that technique we could decrease the incidence of irregularities dramatically. To protect the surgical result after an extracorporeal septoplasty, we line the nasal wall with a combined forehead and nasal splint, which is fixed by a circular bandage around the forehead. This plaster cast helps to prevent any shifting with movements during the postoperative period. The vast experience of extracorporeal septoplasty in 2301 patients over a period of 25 years with good functional and aesthetic results shows that this is an important technique in the armamentarium for correction of badly deformed septums that may result from trauma, previous surgery, or congenital anomalies. We believe that the technique of extracorporeal septal reconstruction using an open approach can be recommended even to less experienced rhinosurgeons. 
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